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Abstract
Background Programmed cell death-1 (PD-1)/programmed cell death ligand-1 (PD-L1) immune checkpoint inhibitors (ICIs) 
significantly affect outcomes in non-small cell lung cancer (NSCLC) patients. However, differences in reactions toward PD-1/
PD-L1 ICI among patients impose inefficient treatment. Therefore, developing a reliable biomarker to predict PD-1/PD-L1 
ICI reaction is highly necessary for predictive, preventive, and personalized (3P) medicine.
Materials and methods We recruited 63 patients from the National Cancer Center (NCC) and classified them into the train-
ing and validation sets. Next, 99 patients were recruited for inclusion into the external validation set at the Samsung Medical 
Center (SMC). Proteomic analysis enabled us to identify plasma C7 levels, which were significantly different among groups 
classified by their overall response to the RECIST V 1.1–based assessment. Analytical performance was evaluated to predict 
the PD-1/PD-L1 ICI response for each type of immunotherapy, and NSCLC histology was evaluated by determining the C7 
levels via ELISA.
Results Plasma C7 levels were significantly different between patients with and without clinical benefits (PFS ≥ 6 months). 
Among the groups sorted by histology and PD-1/PD-L1 immunotherapy type, only the predicted accuracy for pembroli-
zumab-treated patients from both NCC and SMC was greater than 73%. In patients treated with pembrolizumab, C7 levels 
were superior to those of the companion diagnostics 22C3 (70.3%) and SP263 (62.1%). Moreover, for pembrolizumab-treated 
patients for whom the PD-L1 tumor proportion score (TPS) was < 50%, the predictive accuracy of C7 was nearly 20% higher 
than that of 22C3 and SP263.
Conclusion Evaluation of plasma C7 levels shows an accurate prediction of NSCLC patient reactions on pembrolizumab. It 
demonstrates plasma C7 is an alternative and supportive biomarker to overcome the predictive limitation of previous 22C3 
and SP263. Thus, it is clear that clinical use of plasma C7 allows predictive diagnosis on lung cancer patients who have not 
been successfully treated with current CDx and targeted prevention on metastatic diseases in secondary care caused by a 
misdiagnosis of current CDx. Reduction of patients’ financial burden and increased efficacy of cancer treatment would also 
enable prediction, prevention, and personalization of medical service on NSCLC patients. In other words, plasma C7 provides 
efficient medical service and an optimized medical economy followed which finally promotes the prosperity of 3P medicine.

Keywords Non-small cell lung cancer · Biomarkers · Complement component 7 · Pembrolizumab · Predictive preventive 
personalized medicine (3P medicine/3PM/PPPM) · Patient stratification · Targeted treatment · Improved individual 
outcomes

Introduction

The advent of immunotherapy for the treatment of non-small 
cell lung cancer (NSCLC) patients by using immune check-
point inhibitors (ICIs) of programmed cell death protein-1 
(PD-1)/programmed cell death ligand-1 (PD-L1) has signifi-
cantly ameliorated the burden of disease for NSCLC patients 
[1, 2]. PD-1/PD-L1 immune checkpoint inhibitors such as 
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nivolumab, pembrolizumab, atezolizumab, and durvalumab 
have been approved by the US FDA for the treatment of 
advanced NSCLC patients after first-line therapy. Each of 
these four agents reportedly increased the progression-free 
survival (PFS) and overall survival (OS) of NSCLC patients, 
compared to chemotherapy [3, 4]. Recently, the US FDA 
approved the use of pembrolizumab and atezolizumab for 
the first-line treatment of patients with stage III NSCLC, 
for whom it was not feasible to perform surgery or chem-
oradiation [5, 6]. Clinical trials (CheckMate 057, Check-
Mate 017, KEYNOTE-010, POPLAR, and OAK) for each 
of these agents were closely associated with the degree of 
clinical efficacy and tumoral PD-1/PD-L1 expression levels, 
assessed by PD-1/PD-L1 immunohistochemistry [7–10].

Companion diagnostics (CDx) to predict PD‑1/PD‑L1 
ICI response in NSCLC

The results of these clinical trials suggested that the abil-
ity to predict the response of a patient to a particular drug 
can avert treatment failure resulting from the administra-
tion of a physically or financially ineffective treatment. 
Hence, the application of companion diagnostics (CDx) 
has been approved in the USA, Europe, and other countries. 
Clone 22C3 has been approved by the US FDA as a CDx 
for assessing whether advanced NSCLC patients should be 
treated with pembrolizumab, while clone 28–8 has been rec-
ommended as a CDx for assessing whether patients should 
be treated with nivolumab after chemotherapy [11]. In 
Europe, the clone 22C3 assay was designated as a CE-IVD 
and CDx for treatment with durvalumab, pembrolizumab, 
and nivolumab. In addition, clone SP263, designated as a 
CE-IVD, is a CDx for pembrolizumab monotherapy [12].

Limitations of current CDx for PD‑1/PD‑L1 ICI

Although the use of the PD-1/PD-L1 expression level as a 
CDx tool has been approved in various countries, CDx have 
certain drawbacks. CDx relying on PD-1/PD-L1 expression 
sometimes showed low levels of efficacy, in comparison to 
that of well-known diagnostics, because the expression of 
PD-1/PD-L1 differed with the cancer type [13, 14].

In general, CDx involve the staining of tissues obtained 
through endoscopic bronchial and transthoracic needle 
biopsy, via a current method. Since a biopsy can be used 
to extract only a limited amount of tissue, it is difficult to 
obtain tissues in which the biomarker is uniformly distrib-
uted. The amount of PD-1/PD-L1-stained tumor cells was 
not similar even among tissues excised from the same lung 
cancer patient [15]. Moreover, invasive tissue biopsy further 
entails various complications such as bleeding or pain which 
aggravate risks on patients and medical representatives.

Second, mutations within tumors, chronological changes, 
and microenvironment-related differences often impair the 
functioning of various biomarkers. Although the tumor muta-
tion burden (TMB) is widely correlated with the patient sur-
vival and ICI treatment response, an abundant TMB affects 
the accuracy of PD-1/PD-L1-mediated companion diagnosis 
in NSCLC patients [16].

Lastly, the currently used process of companion diagnosis 
is commercialized and requires expensive equipment, such as 
an automatic staining device. Hence, several laboratories have 
performed studies to devise methods that do not involve the 
use of expensive equipment [17, 18].

Needs to develop a new alternative biomarker 
for implementing predictive, preventive, 
and personalized (3P) medicine of NSCLC patients 
treated by PD‑1/PD‑L1 ICI

PD-1/PD-L1 ICI causes the extinction of tumor cells by help-
ing its immunogenicity at a high level and inducing activa-
tion of immune cells around [19, 20]. Many studies are being 
taken place following recent growing attention on correlation 
between tumor immune microenvironment control and cancer 
treatment [21, 22].

PD-1/PD-L1 ICI drug options should be chosen upon 3P 
(predictive, preventive, and personalized) medicine concepts 
because tumor immune microenvironment of patient indi-
viduals is varied and fluid. 3P medicine is the best strategy to 
pursuit greater good showing its top-level social maturity for 
demand of healthy individuals and patient groups, comes with 
a desirable medical system [23–25].

Tumor immune microenvironment is very complicated that 
research on finding an adequate biomarker is essential for cultiva-
tion of 3P medicine. Efficacious manner to find biomarkers for 
cancer treatment screening is pattern recognition of molecules 
such as proteome (or phosphoproteome), dielectric, or metabo-
lome on each patient. Many recent technologies of Omics, sta-
tistical biology, and system biology are used on recognition of 
medicine response molecule patterns in various cancers [26–28].

In this study, new noninvasive biomarker identification is 
conducted, and its validity is verified through multiple experi-
ment techniques including multi-proteome analysis using 
blood plasma of PD-1/PD-L1 ICI–treated NSCLC patients 
which is going to contribute to advancement of medical stand-
ard of 3P medicine concepts.

Methods

Reagents and antibodies

Purified rat IgG and anti-PD-1 mAbs were pur-
chased from BioXCell (West Lebanon, NH, USA), and 
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anti-CD8β-PE-Cy5 and anti-PD-1-PE antibodies were pur-
chased from BD Bioscience (Franklin Lakes, NJ, USA). 
TMT11plex reagents used for TMT labeling were purchased 
from Thermo Fisher Scientific (Waltham, MA, USA). Anti-
C7 purified MaxPab antibody (Abnova, Taipei, Taiwan) and 
goat pAb to Rb IgG (Abcam, Cambridge, UK) antibodies 
were used for western blotting.

Patients

First, 10 and 53 NSCLC patients who had measurable 
lesions and received anti-PD-1/PD-L1 immune check-
point inhibitors from the National Cancer Center (NCC) 
in Korea were sequentially recruited and enrolled into the 
test and validation sets, respectively. Next, 99 patients 
with NSCLC were recruited and assigned into an external 
validation set for an external retrospective validation study 
conducted at Samsung Medical Center (SMC) in Korea. 
All patients in both centers received one of the following 
drugs until disease progression: nivolumab, pembroli-
zumab, or atezolizumab. The tumor was assessed using 
computerized tomography or magnetic resonance imaging 
every 6 weeks until disease progression. Tumor response 
was classified according to the Response Evaluation Crite-
ria in Solid Tumor 1.1 [29]. For the test set, approximately 
5 mL of whole blood samples was collected before treat-
ment (on day 0) and three times after treatment (on days 
7, 14–21, and 40–45). For the validation and external vali-
dation sets, samples were collected only before treatment 
(day 0). Written informed consent was obtained from all 
patients. This study was approved by the National Cancer 
Center Institutional Review Board (NCC-2017-0257) and 
the Samsung Medical Center Institutional Review Board 
(SMC-2018-04-048).

Blood sample preparation for proteomics analysis

Whole blood samples were collected directly into purple 
K2-EDTA vacuum tubes (Becton Dickinson) and placed 
on ice. The plasma tube was centrifuged at 1000 rpm for 
15 min at 4 °C within 10 min of collection. From the top of 
the tube, 0.5 mL of supernatant (plasma) was collected and 
stored at −80 °C. Forty plasma samples from the training 
set were depleted according to the manufacturer’s instruc-
tions using High Select Top 14 abundant protein depletion 
midi spin columns (Thermo Fisher Scientific, Rockford, IL, 
USA). The peptide samples were reconstituted in 100 mM 
triethylammonium bicarbonate (Thermo Fisher Scientific) 
and labeled using TMT11plex reagents (Thermo Fisher Sci-
entific) according to the manufacturer’s instructions.

Liquid chromatography‑mass spectrometry/mass 
spectroscopy analysis (proteomics)

We analyzed 12 TMT-labeled phosphopeptide fractions and 24 
global peptide fractions by using a Q Exactive HF-X Hybrid 
Quadrupole-Orbitrap mass spectrometer (Thermo Fisher 
Scientific) coupled to the Ultimate 3000 RSLC nano-system 
(Thermo Fisher Scientific). The peptides were loaded onto 
a trap column (100 μm × 2 cm) packed with Acclaim Pep-
Map100 C18 resin (Thermo Fisher Scientific). The loaded 
peptides were eluted using a gradient of 5 to 36% solvent B 
(0.1% formic acid in acetonitrile) that was allowed to flow 
through the column for 180 min at a flow rate of 300 μL/min. 
The eluted peptides, separated by an analytical column (EASY-
Spray column, 75 μm × 50 cm, Thermo Fisher Scientific), 
were sprayed into a nano-ESI source at an electrospray voltage 
of 2.3 kV. The Q Exactive HF-X Orbitrap mass analyzer was 
operated using the top 10 data-dependent methods. Full mass 
spectroscopy (MS) scans were acquired over the m/z 350–2000 
range with a mass resolution of 120,000 (at m/z 200). The 
automatic gain control (AGC) target value was 3.00×106. The 
ten most intense peaks with a charge state ≥ 2 were fragmented 
in the higher energy collisional dissociation (HCD) collision 
cell with a normalized collision energy of 32%, and tandem 
mass spectra were acquired using the Orbitrap mass analyzer 
with a mass resolution of 45,000 at m/z 200.

Database search

All raw data files were searched from the database of Pro-
teome Discoverer 2.3 software (Thermo Fisher Scientific). 
The SEQUEST-HT and MS Amanda 2.0 programs were 
used for searching the database against the Swissprot-
Human database.

Protein or phosphoprotein abundance ratio

Proteins or phosphoproteins that appeared commonly in 
the four sample sets (days 0, 7, 14–21, and 40–45) were 
considered for inclusion in subsequent proteomic or phos-
phoproteomic analyses. The abundance of each protein or 
phosphoprotein was expressed as a ratio (abundance ratio 
= abundance in each sample/abundance in the mixture). 
The abundance ratio was then converted into common 
logarithms.

Quantitative analysis of the complement 
component C7 protein by ELISA

The plasma samples were diluted 200,000-fold using a dilu-
ent solution (1× TBS, 0.05% Tween-20 with 0.1% BSA, pH 
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7.2–7.4) and added to an ELISA plate coated with the anti-
human complement component 7 (C7) monoclonal antibody 
(Sino Biological Inc., Beijing, China). All samples were 
incubated for 2 h at 20–24℃. Then, sample aspiration/wash-
ing was performed 3 times, and anti-human C7 polyclonal 
antibodies conjugated to horseradish peroxidase (Sino Bio-
logical Inc.) were added. The reaction mixture was incubated 
for 1 h at 20–24℃, and aspiration/washing was performed 3 
times. Visualization was performed by incubating the reac-
tion mixture with tetramethylbenzidine (TMB) for 20 min, 
and the color development reaction was stopped by adding a 
stop solution. The absorbance was measured at 450 nm using 
a microplate reader (Tecan Sunrise, Tecan, Switzerland).

The MC38 tumor model and antibody treatment

Six- to 8-week-old C57BL/6 mice were purchased from Ori-
ent Bio (Gapyeong, Korea). All mice were maintained under 
specific pathogen-free conditions at the animal facility of 
the National Cancer Center in Korea. All procedures involv-
ing animals were approved by the Institutional Animal Care 
and Use Committee (IACUC) of the National Cancer Center 
Institute (NCCI). Female C57BL/6 mice were injected sub-
cutaneously (s.c.), on their backs, with 5×105 MC38 tumor 
cells, and 100 μg of rat IgG or anti-PD-1 mAb was admin-
istered every 5 days, from day 10 onwards. The mice were 
routinely monitored to assess the tumor growth rate.

Flow cytometry

MC38 tumor-bearing mice were treated with rat IgG or 
anti-4-1BB mAb as described above, and inguinal tumor-
draining lymph nodes (TDLNs) were collected from each 
group of mice on day 18. The single-cell TDLN suspensions 
were counted with an ADAM-MC2 cell counter (NanoEn-
tek, Seoul, Korea) and stained with anti-CD8β-PE-Cy5 and 
anti-PD-1-PE. All samples were subsequently analyzed 
using FACSCalibur (BD Bioscience). The absolute num-
bers of PD-1+CD8β+ T cells were calculated by multiplying 
the percentage of measured cells with the total number of 
viable cells (absolute number = % of measured cells/total 
cells recovered).

Western blotting analysis of C7

MC38 tumor-bearing mice were treated with rat IgG or anti-
4-1BB mAb as described above, and blood was collected 
from the venous sinus of each group of mice on days 0, 3, 10, 
13, and 17. Serum was collected via centrifugation and used 
to measure C7 levels. To analyze the protein content from 
the serum, samples were prepared using the IP lysis buffer 
(Thermo Fisher Scientific) with a complete EDTA-free pro-
tease inhibitor tablet (Roche Applied Science, Penzberg, 

Germany), LDS sample buffer (Invitrogen, Waltham, MA, 
USA), and sample reducing agent (Invitrogen). After the 
heat blocking of the lysates at 70 °C for 10 min, they were 
incubated on ice for 20 min and cleared via centrifugation 
at 4 °C for 10 min at 14,000 rpm. Then, the C7 protein was 
separated from the plasma via electrophoresis on a 4–12% 
Bis-Tris gel (Invitrogen). The proteins were transferred 
onto PVDF membranes (Merck Millipore, Burlington, MA, 
USA), and the presence of C7 was determined using the 
anti-C7 purified MaxPab (Abnova) antibody and goat pAb 
to Rb IgG (Abcam) antibody. Protein bands were visualized 
using enhanced chemiluminescence (ECL) (Thermo Fisher 
Scientific), and band intensities were analyzed using ImageJ 
software.

HE staining and immunohistochemistry

MC38 tumor cells were injected into C57BL/6 mice, and 
rat IgG or anti-4-1BB mAb was administered every 5 days 
from day 10 after administering the tumor cell injection. 
Tumor tissues were collected from the mice 3 days after 
the second injection of Ab was administered and fixed with 
10% formalin solution. Fixed tumor tissues were embedded 
in paraffin wax, and 5-mm sections were cut. Slides were 
stained with hematoxylin and eosin. Alternatively, the sec-
tions were stained with anti-C7 mAb (Abcam), stained with 
HRP-conjugated secondary Ab, colored with DAB chromo-
gen, and counter-stained with hematoxylin.

Statistical analysis

Regardless of the sampling time, quantitative compari-
son analysis was performed using one-way ANOVA and 
Pearson’s correlation analysis. Another quantitative 
comparison analysis between the sampling time peri-
ods was performed using the StandardScaler function in 
the scikit learn module, along with one-way ANOVA, 
and multiple comparison tests. Tukey’s HSD module 
was used for post hoc analysis in the stasmodel mod-
ule (v0.11.0dev0, http:// www. stats models. org/) coded 
into an in-house program (Python 2.7). The correlation 
analyses of key proteins were performed using R soft-
ware version 3.5.3, and a two-sided p value of less than 
0.05 was considered to be indicative of statistical sig-
nificance. An area under the curve (AUC) was used to 
evaluate the single summary measure of diagnosis per-
formance using the non-parametric trapezoidal method. 
All analyses were performed using the IBM® SPSS® 
software. Correlation analyses involving the major pro-
teins, accuracy (ACC), and receiver operating charac-
teristic (ROC) were considered statistically significant. 
A two-tailed p value of less than 0.05 was considered 
statistically significant.
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Results

Patients

A total of 162 non-small cell lung cancer patients were 
recruited for this study through two other centers, the 
National Cancer Center (NCC) (N = 63) and Samsung Medi-
cal Center (SMC) (N = 99) in Korea (Table 1). Patients at 
the NCC were classified into a training set (n = 10) and vali-
dation set (n = 53), and all patients at SMC were assigned 
to an external validation set. The median age of patients 
in both centers was 64.4 years, and approximately 80% of 
the patients were male. Based on the results of the analysis 
performed using RECIST V1.1., patients were classified as 
complete responders (CR) and partial responders (PR), or as 
those with stable disease (SD) or progressive disease (PD). 
In NCC, PR (34.9%) and SD patients (7.9%) with a PFS ≥ 
6 months were classified into the group of responders with 
clinical benefits. Conversely, SD (15.9%) and PD (41.3%) 

patients with a PFS of < 6 months were classified as non-
responders without clinical benefits. For SMC, CR (2%), PR 
(38.4%), and SD (16.2%) patients were classified as respond-
ers, and SD (14.1%) and PD (29.3%) patients were classified 
as non-responders. Adenocarcinoma (ADC), squamous cell 
carcinoma (SqCC), and other NSCLC patients were clas-
sified according to their histological type; more than half 
of the patients in both centers had ADC NSCLC. Patients 
who were treated with one of the three types of PD-1/PD-L1 
immunotherapy agents, i.e., atezolizumab (Ate), nivolumab 
(Niv), and pembrolizumab (Pem), were recruited, and most 
patients were treated with Pem. The smallest number of 
patients was treated with Niv in both centers. The patients 
were evaluated using 22C3 or SP263 companion diagnostic 
(CDx) assays; in NCC, 27 and 58 patients were evaluated 
using the 22C3 CDx and SP263 CDx assays, respectively. 
In SMC, 93 and 80 patients were evaluated with 22C3 and 
SP263 CDx assays, respectively.

Table 1  Characteristics of 
patients participating in a study 
for the development of new 
diagnostics that could predict 
the response of PD-L1 immune 
checkpoint inhibitors

NCC, National Cancer Center; SMC, Samsung Medical Center; N, number; CR, complete response; PR, 
partial response; SD, stable disease; PD, progressive disease; responder, responder with clinical benefit 
(PFS ≥ 6 months); Non-responder, non-responder without clinical benefit (PFS < 6 months); NSCLC, non-
small-cell lung cancer; ADC, adenocarcinoma; SqCC, squamous cell carcinoma; Other, other histologi-
cal types of NSCLC; CDx, companion diagnostic

Clinical characteristics NCC (N = 63) SMC (N = 99) Total (N = 162)

Median age (range), years 64.4 (37.0–85.0) 64.4 (32.0–82.0) 64.4 (32.0–85.0)
Sex, N (%)

  Male 50 (79.4) 86 (86.9) 136 (84.0)
  Female 13 (20.6) 13 (13.1) 26 (16.0)

Set, N (%)
  Training set 10 (15.9) 10 (6.2)
  Validation set 53 (84.1) 53 (32.7)
  External validation set 99 (100) 99 (61.1)

Response, N (%)
  CR 2 (2) 2 (1.2)
  PR 22 (34.9) 38 (38.4) 60 (37.0)
  SD (Responder) 5 (7.9) 16 (16.2) 21 (13.0)
  SD (Non-responder) 10 (15.9) 14 (14.1) 24 (14.8)
  PD 26 (41.3) 29 (29.3) 55 (34.0)

NSCLC histology, N (%)
  ADC 38 (60.3) 53 (53.6) 91 (56.1)
  SqCC 19 (30.2) 33 (33.3) 52 (32.0)
  Other 6 (9.5) 13 (13.1) 19 (11.7)

PD-1/PD-L1 immunotherapy, N (%)
  Pembrolizumab 26 (41.3) 53 (53.6) 79 (48.8)
  Nivolumab 18 (28.6) 12 (12.1) 30 (18.5)
  Atezolizumab 19 (30.2) 34 (34.3) 53 (32.7)

PD-1/PD-L1 CDx, N (%)
  22C3 27 (42.9) 93 (94.0) 120 (74.1)
  SP263 58 (92.1) 80 (80.8) 138 (85.2)
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Discovery of protein candidates for predicting 
the response to the PD‑1/PD‑L1 immune checkpoint 
inhibitor in NSCLC patients

To discover new biomarkers that could compensate for the 
shortcomings of the current PD-1/PD-L1 immune check-
point inhibitor (ICI) CDx, we performed an analysis using 
plasma obtained from NSCLC patients by a noninvasive 
method. We expected that the quantitative difference in spe-
cific proteins in the patient’s blood would affect the respon-
siveness to PD-1/PD-L1 ICI. In addition, it was thought 
that the quantitative change in a specific protein would also 
appear, depending on the frequency of PD-1/PD-L1 ICI 
treatment. To prove this, blood samples were collected from 
10 patients in the training set at NCC. Blood was collected 
from each patient before (day 0) and after the first (day 7), 
second (day 14–21), and third (day 40–54) treatments. The 
relative levels of various proteins were then analyzed and 
compared according to the RECIST V1.1–based method for 
response classification.

As shown in the Venn diagram (Fig. 1A), levels of 360 
proteins were simultaneously measured in the four sample 
groups (S1 Table), and quantitative comparative methods 
were used to identify protein candidates that could discrimi-
nate between the PR, SD, and PD groups. Distinct differ-
ences were observed for a total of 25 out of the 360 proteins 
between the PR, SD, and PD groups (p < 0.05; Fig. 1B and 
S2 Table), of which nine proteins, i.e., P10643(C7), P01031 

(C5), P01023 (A2M), P04196 (HRG), P06312 (IGKV4-
1), P10451-1 (osteopontin), P25311 (AZGP1), P33908 
(MAN1A1), and Q9Y4L1 (HYOU1), showed distinctly dif-
ferent patterns on two or more sampling days (Fig. 1C; S3 
Table).

Furthermore, to determine the correlation between pro-
tein activation and response to PD-1/PD-L1 ICI treatment, 
the level of phosphorylated protein, an activated form of 
the protein, was determined. Eighty phosphoproteins were 
simultaneously measured in four sample groups, and their 
relative quantification was calculated (Fig. 1D; S1 Table). As 
a result of the analysis, eight phosphoproteins were classi-
fied as proteins that could discriminate between the PR, SD, 
and PD groups; the p value was < 0.05 (Fig. 1E; S2 Table). 
Of these eight proteins, distinct differences were observed 
for three phosphoproteins, i.e., phospho-C7 (P10643), phos-
pho-HRG (P04196), and phospho-plasminogen (P00747), 
between the two sample groups on different sampling days 
(Fig. 1F; S3 Table). Interestingly, it was confirmed that the 
amounts of plasma C7 and HRG were relatively different 
in the PR, SD, and PD groups during both total protein and 
phosphoprotein analysis, and that these differences persisted 
regardless of the sampling time. Based on these results, 
plasma C7 and HRG were selected as the most ideal candi-
date biomarkers that could predict responses to PD-1/PD-L1 
ICIs in NSCLC patients.

Evaluation of the efficacy of plasma C7 
as a biomarker for predicting the response of PD‑1/
PD‑L1 ICI through a multi‑center analysis

Next, we aimed to confirm whether C7 and HRG, the can-
didate biomarkers identified by the proteomics approach, 
could be used as diagnostic tools. The concentrations of C7 
and HRG were measured in 31 NSCLC patients at NCC by 
using ELISA. To confirm the ability of C7 and HRG to dis-
criminate between responders and non-responders, receiver 
operating characteristic (ROC) analysis was performed using 
each measured concentration value. The AUC (area under 
the ROC curve) for C7 was 0.949 (95% CI, 0.867–1.030), 
whereas it was 0.633 (95% CI, 0.436–0.829) for HRG (S1 
Fig). These results were in contrast to those obtained with 
proteomics analysis, since an excellent AUC value was 
observed only for C7, and the subsequent study focused on 
the C7 quantified through ELISA.

To confirm the feasibility of using the biomarker plasma 
C7 as a novel CDx for PD-1/PD-L1 ICIs, we included 53 
NSCLC patients into the validation set at NCC. A total of 
63 NSCLC patients were designated as the NCC set for 
follow-up studies. In addition, to ensure that plasma C7 
could be reliably used as a biomarker, a multi-center retro-
spective study was conducted at a contract research organi-
zation (CRO) at SMC that was monitored by a clinical 

Fig. 1  Proteomic analysis of blood plasma obtained from NSCLC 
patients. A Venn diagram showing the overlap of proteins meas-
ured individually according to the sampling schedule. B A heatmap 
of hierarchical clusters between the PR, SD, and PD sample groups 
with 64 proteins, with a p value < 0.05. PR (green), partial response; 
SD (blue), stable disease; PD (red), progressive disease. C Result of 
the ANOVA and post hoc (Tukey’s HSD) analyses during the sam-
pling period, during days 0, 7, 14–21, and 40–45. Differences were 
observed for a total of 9 proteins between the PR, SD, and PD groups, 
and the p value was < 0.05 on at least 2 sampling days, compared to 
the training set. The results are expressed as mean ± SEM values. D 
Venn diagram showing the overlap between phosphoproteins whose 
levels were measured individually according to the sampling sched-
ule. E A heatmap showing the hierarchical clustering between the PR, 
SD, and PD sample groups with 8 phosphoproteins, with a p value < 
0.05 (right). PR (green), partial response; SD (blue), stable disease; 
PD (red), progressive disease. F Results of the ANOVA and post hoc 
(Tukey’s HSD) analysis during each of the 4 sampling periods on 
days 0, 7, 14–21, and 40–45. Differences were observed in the levels 
of 3 phosphoproteins between the PR, SD, and PD groups, and the p 
value was < 0.05 on 2 sampling days, compared to the training set. 
Phospho-P10643; phospho-P04196; and phospho-P00747. The results 
were expressed as mean ± SEM values. P10643, complement compo-
nent C7; P01031, complement C5; P01023, alpha-2-macroglobulin; 
P04196, histidine-rich glycoprotein; P06312, immunoglobulin kappa 
variable 4-1; P10451-1, osteopontin; P25311, zinc-alpha-2-glycopro-
tein; P33908, mannosyl-oligosaccharide 1,2-alpha-mannosidase IA; 
and Q9Y4L1, hypoxia up-regulated protein 1
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research associate (CRA) at Synex Consulting in Korea. 
Samples from 99 NSCLC patients recruited from the SMC 
into the external validation set were assigned to the SMC 
set, and a follow-up study was conducted.

First, by analyzing the C7 concentrations in the NCC 
set, it was confirmed that the mean concentration of C7 for 
PD-1/PD-L1 ICI was significantly lower in the responder 
group than in the non-responder group (Fig. 2A). The 
AUC for the NCC set was determined to be 0.724 (95% 
CI, 0.599–0.850) via ROC analysis, indicating that the 
diagnostic method was used effectively (Fig. 2A). Addi-
tionally, the range of C7 concentration values of patients 
was classified as low (93–190 µg/mL), medium (191–241 
µg/mL), and high (242–476 µg/mL), and it was confirmed 
that there were changes in the overall survival (OS) and 
progression-free survival (PFS) according to the C7 con-
centration values. As a result, it was confirmed that the 
OS and PFS of patients with low C7 concentrations were 
significantly higher than those of patients with high C7 
concentrations (Fig. 2A).

As a next step, plasma C7 concentration values were 
measured in SMC set which showed no significant differ-
ences between the responder group and non-responder group 
(Fig. 2B). The AUC of plasma C7 in the SMC set was found 
to be 0.572 (95% CI, 0.457–0.687) through ROC analysis. 
Upon analyzing the OS and PFS of patients by their C7 lev-
els, it was confirmed that the OS and PFS of patients with 
low C7 concentrations were slightly higher than those of 
patients with high C7 concentrations. Although the trends 
of the NCC and SMC sets were similar, the analytical per-
formance of C7 as a biomarker was better in the NCC set 
than in the SMC set.

Analysis of target NSCLC patients in plasma C7 
as a biomarker for predicting the response to PD‑1/
PD‑L1 ICIs through a multi‑center analysis

The utility of the diagnostic method using the selected 
biomarker plasma C7 was confirmed in the NCC set but 
appeared to be less useful in the SMC set. However, it was 
expected that the usefulness of plasma C7 as a biomarker 
would vary according to the type of PD-1/PD-L1 immu-
notherapy treatment and NSCLC histology. After PD-1/
PD-L1 immunotherapy and NSCLC histology classifica-
tion of NSCLC patients from the NCC and SMC sets, the 
C7 concentration distribution and AUC were confirmed. 
As observed with the previous results, in the NCC set, it 
was confirmed that the average concentration of C7 in the 
responder group was lower than that of the non-responder 
group in all PD-1/PD-L1 immunotherapy groups, including 
pembrolizumab, nivolumab, and atezolizumab groups (Fig 
2C, left line). It was also confirmed that the average con-
centration of C7 was lower in the responders of all NSCLC 
histology groups, including ADC, SqCC, and other groups, 
than in the non-responders (Fig 2D, left line). Furthermore, 
the AUC was greater than 0.7 in all groups of the NCC set. 
In the SMC set, only the pembrolizumab group had a signifi-
cantly lower C7 concentration in the responder group than 
in the non-responder group. In addition, the AUC of C7 in 
the pembrolizumab group was 0.649, which was higher than 
that of the other groups (Fig 2C, right line).

Next, an analysis was conducted to set a cutoff value for 
utilizing plasma C7 as a diagnostic method in the field. Sen-
sitivity (SEN) and specificity (SPE) were calculated based 
on the temporal cutoff values obtained through the preceding 
ROC analysis. Among the following temporal cutoff values, 
those that yielded Youden’s J statistic values of 0.2 or greater 
were selected as candidate cutoffs (S4 Table) [30]. Then, 
the positive predictive value (PPV), negative predictive 
value (NPV), and accuracy (ACC) for the candidate cutoff 
were further analyzed. The ideal cutoff concentration for 
the NCC set was 230 μg/mL, and the ideal cutoff concentra-
tion for the SMC set was calculated to be 215 μg/mL. After 
classifying patients with NCC and SMC sets in the same 
manner as before, the ability to discriminate PD-1/PD-L1 
ICI responses was analyzed based on selected plasma C7 
cutoff concentrations. The analytical performance of ACC 
in the total patients in the NCC and SMC sets was 70.4% and 
63.6%, respectively (Table 2).

The ability to discriminate the reactivity of plasma C7 
according to each immunotherapy method was investigated. 
The AAC of plasma C7 for the pembrolizumab group in 
the SMC set was 73.6%, which was similar to that of the 
pembrolizumab group (73.7%) in the NCC group (Table 2). 
However, the AAC of plasma C7 in all groups except the 
pembrolizumab group of the SMC set was lower than that 

Fig. 2  Distribution of plasma C7 concentrations in patients recruited 
from NCC and SMC. A Plasma C7 analysis of all patients in the NCC 
set, and distribution of the C7 concentration values (upper left), ROC 
analysis using C7 concentration values (upper right), analysis of OS 
according to C7 concentration distribution (lower left), and analysis 
of PFS according to C7 concentration distribution (lower right). B 
Plasma C7 analysis of all patients in the SMC set, and distribution 
of C7 concentration values (upper left), ROC analysis using C7 con-
centration values (upper right), analysis of OS according to C7 con-
centration distribution (lower left), and analysis of PFS according 
to C7 concentration distribution (lower right). C Analysis of plasma 
C7 distribution according to PD-1/PD-L1 immunotherapy type in 
the NCC (left) and SMC set (right), and ROC analysis using C7 con-
centration values. D Analysis of plasma C7 distribution according to 
NSCLC histology type in the NCC (left) and SMC set (right), and 
ROC analysis using C7 concentration values. The C7 concentration 
values were expressed as mean ± SD values (*p < 0.05; **p < 0.01; 
***p < 0.005). NCC, National Cancer Center; SMC, Samsung Medi-
cal Center; NR, non-responder group; R, responder group; L, low; 
M, medium; H, high; Pem, pembrolizumab; Niv, nivolumab; Ate, 
atezolizumab; NSCLC, non-small cell lung cancer; ADC, adenocar-
cinoma; SqCC, squamous cancer cell; OS, overall survival; PFS, pro-
gression-free survival
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of the NCC set (Table 2). Results derived from the other 
two centers showed that plasma C7 could be specifically 
applied as a biomarker for predicting the reactivity to pem-
brolizumab immunotherapy.

Comparative evaluation of current companion 
diagnostics (22C3 and SP263) and plasma C7 
to predict the response of pembrolizumab

To verify the efficacy of plasma C7, the ability to predict 
the response of pembrolizumab as an FDA- or CE-approved 
CDx (22C3 and SP263) and the predictive ability of C7 were 
compared. This comparative analysis was performed on all 
patients from the other two centers.

First, the distribution of the PD-L1 tumor proportion 
score (TPS) of patients treated with pembrolizumab in both 
responders and non-responders was confirmed. It was con-
firmed that the PD-L1-stained TPS with 22C3 and sp263 
was more than 50% in the responder group and less than 50% 
in the non-responder group (Fig. 3A and B).

The mean C7 concentration in the responder group of all 
patients treated with pembrolizumab was significantly lower 
than that in the non-responder group (Fig. 3C). Next, upon 
comparing AUC values, the AUC of C7 was found to be higher 
than that of 22C3 and SP263 (Fig. 3A–D). In addition, OS and 
PFS, in terms of TPS %, for the current CDx and C7 concen-
trations were determined; the OS and PFS were significantly 

higher when the PD-L1 TPS was 50% or higher, as compared 
to when it was less than 50%. Patients with low C7 concentra-
tions had significantly longer OS and PFS than those with high 
C7 concentrations.

To compare the analytical performance, the two cutoff TPS 
% (≥ 1, ≥ 50) of 22C3 and SP263, and the selected plasma 
C7 cutoff concentrations were used to compare the predictive 
accuracy. For the total number of patients in the 22C3 group, 
the ACC of 22C3 CDx ranged from 64.1 to 70.3%, and the 
plasma C7 was 71.9% (Table 3).

In the SP263 group, the ACC of plasma C7 detection was 
68.2%, and for SP263, the ACC was distributed between 60.6 
and 62.1%. Moreover, the prediction accuracy of C7 for the 
response to pembrolizumab was higher than that of conven-
tional CDx in both the NCC and SMC sets.

These results suggest that plasma C7 can sufficiently serve 
as a substitute for current CDx that were used for predicting 
the response to pembrolizumab.

Plasma C7 as an adjunct to current companion 
diagnostic (22C3 and SP263) methods for predicting 
response to pembrolizumab

Therefore, we conducted an additional analysis to deter-
mine the role of C7 as an adjunct that could compensate for 
the shortcomings of the current CDx. To confirm the cor-
relation between the PD-L1 TPS % and C7 concentration 

Table 2  Analytical performance 
evaluation of plasma C7 for 
predicting the response to PD-1/
PD-L1 ICIs

SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value; ACC , 
accuracy. Values are presented as percentage values (actual patient number/total patient number)

SEN SPE PPV NPV ACC 

NCC set
  Total patients 74.1 (20/27) 69.4 (25/36) 64.5 (20/31) 78.1 (25/32) 70.4
  Type of immunotherapy
    Pembrolizumab 62.5 (5/8) 80.8 (9/11) 70.4 (5/7) 75.0 (9/12) 73.7
    Nivolumab 77.8 (7/9) 66.7 (6/9) 70.0 (7/10) 75.0 (6/8) 72.2
    Atezolizumab 80.0 (8/10) 62.5 (10/16) 57.1 (8/14) 83.3 (10/12) 69.2

Type of histology
    ADC NSCLC 83.3 (10/12) 65.4 (17/26) 52.6 (10/19) 89.5 (17/19) 70.1
    SqCC NSCLC 60.5 (8/13) 83.3 (5/6) 88.9 (8/9) 50.0 (5/10) 68.4
    Other NSCLC 100.0 (2/2) 75.0 (3/4) 66.7 (2/3) 100.0 (3/3) 83.3

SMC set
    Total patients 70.4 (40/56) 53.5 (23/43) 66.7 (40/60) 59.0 (23/39) 63.6
  Type of immunotherapy
    Pembrolizumab 86.5 (32/37) 43.8 (7/16) 78.0 (32/41) 58.3 (7/12) 73.6
    Nivolumab 28.6 (2/7) 60.0 (3/5) 50.0 (2/4) 37.5 (3/8) 40.7
    Atezolizumab 50.0 (6/12) 59.1 (13/22) 40.0 (6/15) 68.4 (13/19) 55.9
  Type of histology
    ADC NSCLC 70.0 (22/31) 59.1 (13/22) 70.0 (22/31) 59.1 (13/22) 66.0
    SqCC NSCLC 80.3 (13/16) 47.1 (8/17) 59.1 (13/22) 72.7 (8/11) 63.6
    Other NSCLC 55.6 (5/9) 50.0 (2/4) 70.4 (5/7) 33.3 (2/6) 53.8
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distribution, the concentration of C7 was confirmed by 
distinguishing between 22C3 and SP263 PD-L1 at values 
above or below the TPS % cutoff. Interestingly, the group 
expected to be a responder according to the TPS % cutoff 
had a lower C7 concentration (Fig. 3E).

In the case of conventional CDx, the prediction accuracy 
of the response to pembrolizumab for patients with a TPS 

> 50% was 75.6% and 62.2% for 22C3 and SP263, respec-
tively (Fig. 3F). However, for patients with a TPS < 50%, 
the prediction accuracy of 22C3 and SP263 was very low, 
i.e., approximately 57%. However, in the case of C7, even 
with a TPS < 50%, the response prediction accuracy was 
more than 75%, and the AUC was also confirmed to be ≥ 
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Fig. 3  Analytical performance evaluation of pembrolizumab-treated 
patients. A Distribution of PD-L1 TPS of 22C3, a CDx for pem-
brolizumab; ROC analysis, OS analysis according to 22C3 TPS 
%, and PFS analysis according to 22C3 TPS %. B Distribution of 
PD-L1 TPS of SP263, a CDx for pembrolizumab; ROC analysis, OS 
analysis according to SP263 TPS %, and PFS analysis according to 
SP263 TPS %. C Distribution of plasma C7 concentration values, 
ROC analysis, OS analysis according to C7 concentration values, 
and PFS analysis according to C7 concentration values. D Compara-
tive analysis of ROC of pembrolizumab CDx 22C3 and plasma C7 
(left). Comparative analysis of ROC values for pembrolizumab CDx 
SP263 and plasma C7 (right). E Distribution of C7 concentration val-

ues according to the PD-L1 TPS % cutoff; classification according to 
22C3 (left) and SP263 (right). F Accuracy analysis of 22C3, SP263, 
and plasma C7 in patients with a PD-L1 TPS of ≥ 50% when < 50% 
of patients were treated with pembrolizumab. Classification accord-
ing to 22C3 (upper) and SP263 (lower). G ROC analysis of 22C3, 
SP263, and plasma C7 in patients with a PD-L1 TPS of < 50% who 
were treated with pembrolizumab. Comparison of C7 vs 22C3 (left) 
and C7 vs SP263 (right). The results of A, B, and C were expressed 
as mean ± SD values (*p < 0.05; **p < 0.01; ***p < 0.005). NR, 
non-responder group; R, responder group; Pem, pembrolizumab; OS, 
overall survival; PFS, progression-free survival; TPS, tumor propor-
tion score; ACC, accuracy; Ref. line, reference line
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0.7, which confirmed that it was more accurate than the 
22C3 and SP263 CDx (Fig. 3G).

Thus, patients with a TPS of < 50% upon primary stain-
ing with PD-1/PD-L1 CDx could be assessed using plasma 
C7 to predict the response to pembrolizumab. Our results 
suggest that the accuracy of this novel method was signifi-
cantly greater than that of the current PD-1/PD-L1 CDx.

PD‑1 blockade suppresses MC38 tumor growth 
and accompanies the accumulation of complement 
C7 in tumor tissues via the consumption of C7 
in the blood

Our current data indicated that the complement C7 level 
in the blood plasma was low in patients exhibiting a good 
oncologic response to PD-1 ICIs (Fig. 2). Although the com-
plement system is known to have regulatory roles in cancer 
immunity, as it is involved in the inhibition of anti-tumor T 
cell responses via C3aR- or C5aR1-mediated recruitment 
and/or activation of immune-suppressive cells, the com-
plement system generally enhances anti-tumor immunity 
through either complement-dependent cytotoxicity (CDC) 
or antibody-dependent cellular cytotoxicity (ADCC). Since 
both CDC and ADCC require the generation of enhanced 
humoral responses, particularly against tumor cells, and the 
PD-1 blockade enhances humoral responses, we hypoth-
esized that the decrease in the blood C7 level may be the 

result of enhanced consumption of complement components 
in the tumor tissues. Therefore, we routinely injected rat IgG 
or anti-PD-1 mAb into the MC38 tumor-bearing B6 mice, as 
described in Fig. 4A, and monitored the tumor growth rate 
and the C7 level in blood and tumor tissues.

The PD-1 blockade significantly suppressed the growth 
of MC38 tumor cells (Fig. 4B) and increased the total 
number of PD-1+CD8+ T cells in inguinal TDLN cells 
on day 18 (Fig. 4C). Consequently, lymphocyte infiltra-
tion into the tumor tissues was enhanced in the anti-PD-
1-treated mice, compared to that in the rat IgG-treated 
mice (Fig. 4D).

To monitor the C7 level in the blood, blood samples were 
routinely collected from rat IgG- or anti-PD-1-treated mice. 
The blood C7 concentration tended to gradually increase 
in rat IgG-treated mice, indicating that the inflammation 
induced by tumor growth promoted C7 production. It was 
sharply and significantly decreased following treatment with 
the anti-PD-1 mAb (Fig. 4E). As expected, when the paraffin 
sections of tumor tissues obtained on day 18 were stained 
with anti-C7 mAb, the extent of C7 deposition was enhanced 
in the tumor cells of anti-PD-1-treated mice, compared to 
that of rat IgG-treated mice (Fig. 4F). These data suggest 
that tumor growth increased the C7 level in the blood, and 
the PD-1 blockade enhanced the deposition of C7 in the 
tumor tissues, probably via the consumption of C7 in the 
blood.

Table 3  Comparative analysis 
of plasma C7 and current CDx 
(SP263 and 22C3) markers with 
regard to their discriminant 
predictive performance for 
determining the response to 
pembrolizumab

Pem, pembrolizumab; SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative 
predictive value; ACC , accuracy; TPS, tumor proportion score. Values are presented as percentage values 
(actual patient number/total patient number)

Diagnostic method Cutoff SEN SPE PPV NPV ACC 

22C3 group
  NCC C7 (μg/mL) ≤ 230 83.3 (5/6) 83.3 (5/6) 83.3 (5/6) 83.3 (5/6) 83.3

22C3 (TPS %) ≥ 1 100.0 (6/6) 0.0 (0/6) 50.0 (6/12) N/A 50.0
≥ 50 83.3 (5/6) 50.0 (3/6) 62.5 (5/8) 75.0 (3/4) 66.7

  SMC C7 (μg/ml) ≤ 215 86.1 (31/36) 43.8 (7/16) 77.5 (31/40) 58.3 (7/12) 73.1
22C3 (TPS %) ≥ 1 97.2 (35/36) 0.0 (0/16) 68.6 (35/51) 0.0 (0/1) 67.3

≥ 50 80.6 (29/36) 50.0 (8/16) 78.4 (29/37) 53.3 (8/15) 71.2
  Total C7 (μg/ml) ≤ 215 81.0 (34/42) 54.5 (12/22) 77.3 (34/44) 60.0 (12/20) 71.9

22C3 (TPS %) ≥ 1 97.6 (41/42) 0.0 (0/22) 65.1 (41/63) 0.0 (0/1) 64.1
≥ 50 78.6 (33/42) 54.5 (12/22) 76.7 (33/43) 57.1 (12/21) 70.3

SP263 group
  NCC C7 (μg/ml) ≤ 230 77.8 (7/9) 57.1 (8/14) 53.8 (7/13) 80.0 (8/10) 65.2

SP263 (TPS %) ≥ 1 100.0 (9/9) 14.3 (2/14) 42.9 (9/21) 100.0 (2/2) 47.8
≥ 50 88.9 (8/9) 21.4 (3/14) 42.1 (8/19) 75.0 (3/4) 47.8

  SMC C7 (μg/ml) ≤ 215 82.1 (23/28) 46.7 (7/15) 74.2 (23/31) 58.3 (7/12) 69.8
SP263 (TPS %) ≥ 1 96.4 (27/28) 20.0 (3/15) 69.2 (27/39) 75.0 (3/4) 69.8

≥ 50 71.4 (20/28) 60.0 (9/15) 76.9 (20/26) 52.9 (9/17) 67.4
  Total C7 (μg/ml) ≤ 215 78.4 (29/37) 55.2 (16/29) 69.0 (29/42) 66.7 (16/24) 68.2

SP263 (TPS %) ≥ 1 97.3 (36/37) 17.2 (5/29) 60.0 (36/60) 83.3 (5/6) 62.1
≥ 50 75.7 (28/37) 41.4 (12/29) 62.2 (28/45) 57.1 (12/21) 60.6
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Discussion

A typical shortcoming when treating PD-1/PD-L1 antibody-
mediated companion diagnostic (CDx) is chance of miss 
prescription caused by failed immune checkpoint inhibi-
tor (ICI) response prediction which ends up aggravating 
NSCLC patients. This is opposite to predictive, preven-
tive, and personalized (3P) medicine, the valued concept in 
modern medical science. Hence, in order to achieve efficient 
PD-1/PD-L1 ICI treatment, novel, cost-effective, and nonin-
vasive CDx in 3P medicine perspective is needed.

Identification of plasma proteins to predict PD‑1/
PD‑L1 ICI response

Hence, we first analyzed the plasma of ten NSCLC patients 
from the training set at NCC by using the multi-omics method to 
discover new biomarkers; nine key proteins and three key phos-
phoproteins were identified (Fig. 1). Of these, only plasma C7 
and HRG were relatively different between the PR, SD, and PD 

groups in both total protein and phosphoprotein analyses. ROC 
analysis was performed on the responder and non-responder 
groups by quantitatively measuring the plasma C7 and HRG lev-
els in thirty-one patients in the NCC set (S1 Fig). In contrast to 
the results of proteomics analysis, an excellent AUC value was 
observed upon analyzing only the plasma C7 levels. Hence, the 
subsequent study focused on the assessment of plasma C7 lev-
els. In addition, complement component 5 (C5), which plays a 
major role in the formation of the complement membrane attack 
complex in the complement system, was also included among 
the identified candidate biomarkers. Unexpectedly, the quantita-
tive plasma C5 and C7 patterns analyzed by ELISA were com-
pletely different. It could be inferred that this was attributable to 
a new, independent role of plasma C7 (S1 Fig).

Multi‑center validation of plasma C7 as a predictive 
biomarker for PD‑1/PD‑L1 ICI response

To examine the usefulness of the diagnostic method involv-
ing the use of plasma C7 as the selected biomarker, ROC 

Fig. 4  PD-1 blockade enhances the deposition of C7 in the tumor tis-
sues. A Experimental scheme for the MC38 tumor challenge and Ab 
treatment. B The MC38 tumor growth rate of rat IgG- or anti-PD-1-
treated mice. C Numbers of TDLN cells as well as the percentages 
and numbers of the PD-1+CD8β+ T cells in the inguinal TDLNs on 
day 18. D H&E staining of the tumor tissues on day 18. E Western 

blot analysis of C7 in the serum. F The C7 IHC of rat IgG- or anti-
PD-1-treated tumor tissues on day 18. Data for two (C–F) or three 
(B) independent experiments with 5 mice (B, C) or 3 mice (D–F) per 
experiment are shown. The Student t test was performed in C and E, 
and results are shown as mean ± SD values (*p < 0·05; **p < 0·01; 
***p < 0·005)
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analyses of the predictions for the responder and non-
responder groups were performed using the plasma C7 con-
centration values of the NCC set, to select the ideal cutoff 
concentration value. The ACC determined from the plasma 
C7 cutoff value of 230 μg/mL for the NCC set was 71.4%, 
and was higher than that observed with cutoff values for 
other candidates (S4 Table). Hence, we hypothesized that 
plasma C7 could be used as a predictive tool to assess reac-
tivity to PD-1/PD-L1 immunotherapy.

A retrospective external validation was conducted at the 
SMC to ensure the reliability of using plasma C7 as a bio-
marker. The ROC analysis for plasma C7 was performed 
in the same manner as in the previous experiment, but an 
ideal cutoff of 215 μg/mL was identified for the SMC set 
(S4 Table). Although the selected ideal cutoffs from the 
NCC and SMC sets were different, a cutoff value of 215 
μg/mL was observed to be associated with an ACC of 
68.3%, from among the cutoff candidates in the NCC set 
(S4 Table). Since the cutoff value is affected by the differ-
ence in the plasma C7 concentrations in the patients, there 
would be some differences in each specific group. However, 
we believe that these differences will be resolved naturally 
through follow-up studies involving a larger number of 
patients. In contrast to our expectations, the ACC of plasma 
C7 in the SMC set was approximately 8% lower than that in 
the NCC set. Additionally, the ACC for each group in the 
SMC set was reduced by 5 to 30%, compared to the ACC for 
the NCC set (Table 2).

These different results are thought to be attributable to 
the difference in the ratio of responders and non-responders 
or the PD-L1 TPS % distribution ratio of patients included 
in each group from the NCC and SMC sets. On the other 
hand, the accuracy with which plasma C7 could predict the 
response to pembrolizumab in the NCC and SMC sets was 
similar, regardless of the proportion of patients with specific 
disease types. Therefore, we hypothesized that plasma C7 
could predict the response to pembrolizumab in all NSCLC 
patients without its use being limited to specific patients.

Comparison of plasma C7 with current CDx (22C3 
and SP263) methods

Currently, in Korea, PD-1/PD-L1 ICI is not approved as 
a first-line treatment; thus, only patients receiving PD-1/
PD-L1 immunotherapy as the second-line treatment were 
included in this study. The cutoff values of 22C3 and 
SP263 CDx, which determine whether PD-1/PD-L1 ICIs 
could be administered as the second-line treatment, mainly 
have a TPS ≥ 1%. [11] However, since the standard of the 
current CDx marker may be revised through various clini-
cal trials, the ACC of the CDx was calculated using vari-
ous cutoff TPS % values, including 1% and 50%, regard-
less of whether PD-1/PD-L1 ICIs were administered as the 

first-line or second-line treatment. A comparative analysis 
of the AUC and ACC values of plasma C7 with those for 
22C3 and SP263 CDx in the NCC set showed that predic-
tions performed using the plasma C7 concentration were 
more accurate than those observed with 22C3 and SP263 
for each immunotherapy and NSCLC histology group (S5 
and S6 Tables). Contrary to our expectations, the AUC of 
plasma C7 was slightly higher than that observed for the 
22C3 and SP263 CDx assays in the pembrolizumab group 
of the SMC set alone (S5 Table). Based on these results, 
it was hypothesized that the most ideal target group for 
plasma C7 would be the patient group for which pembroli-
zumab treatment is required.

Plasma C7 as an adjuvant for 22C3 and SP263 
methods

Therefore, we studied the role of plasma C7 not only as 
a new substitute but also as a complement to the current 
CDx. We have shown that a combination of diagnostic 
methods using current PD-1/PD-L1 CDx and plasma C7 
could complement the low accuracy of the current method. 
The most important consideration while determining this 
combination is to select an appropriate cutoff value for 
plasma C7 level. In this study, a cutoff of 215 μg/mL was 
selected by performing ROC analysis using the C7 concen-
tration of patients with 22C3 and SP263 TPS values of ≥ 
50%, and a cutoff of 187 μg/mL was selected for patients 
with 22C3 and SP263 TPS values of less than 50% (S7 
Table). Since the diagnostic cutoff value is different when 
C7 is used alone or in combination, we determined various 
cutoff conditions through follow-up studies using various 
clusters and groups. This is expected to further enhance 
the usefulness of plasma C7. In addition, it was confirmed 
that the OS and PFS of NSCLC patients increased as the 
concentration of plasma C7 decreased. This pattern was 
similar to the pattern in which the OS and PFS increased 
as the PD-L1 TPS % increased. In other words, this sug-
gests that the C7 protein might act as an important media-
tor that affects the survival of cancer patients, in a manner 
similar to that observed for the PD-1/PD-L1 ICI.

The role of plasma C7 in the tumor immune 
microenvironment

Complement activation can be initiated by classical, alterna-
tive, and lectin pathways, and eventually lead to the forma-
tion of the terminal complement complex or the membrane 
attack complex (MAC) [31]. The cleavage of complement 
C5 sequentially activates the terminal complement compo-
nents C6, C7, C8, and C9 [31]. The binding and formation 
of the complex of C5b and C6 (C5b6) with C7 can initiate its 
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incorporation into the target membrane [31]; thus, C7 func-
tions as a crucial limiting factor that controls the terminal 
cascade [32]. Here, we found that a significantly reduced 
plasma C7 level was observed in patients or animals exhib-
iting a good response to PD-1 ICI treatment and enhanced 
deposition of C7 in tumor tissues (Fig. 4E and F). Comple-
ment components are generally synthesized from the liver 
[33], but a large portion of circulating C7 originates from 
extrahepatic cells, including monocytes/macrophages, plate-
lets, and fibroblasts, rather than from hepatic cells [32–34]. 
Therefore, it is reasonable to expect that a significant amount 
of circulating C7 in the blood would be consumed in anti-
PD-1-treated patients or mice because of the enhanced com-
plement cascade in tumor tissues. However, the synthesis 
of C7 from non-hepatic cells appeared to be compromised 
due to the blockade of immune cells by PD-1 or was not 
enough to compensate for the rate of C7 consumption. C7 
is the rate-limiting factor that affects the effector function of 
the complement cascade. C7 biosynthesis is controlled by 
extrahepatic cells rather than hepatic cells, and is dependent 
on inflammation. This could explain why C7, rather than 
C6 and C9, could enable us to discriminate between cancer 
patients exhibiting a good oncologic response to the PD-1 
blockade in a more effective manner.

Conclusions and expert recommendations

In summary, the deposition of plasma C7 on or around lung 
cancer cells affects the tumor immune environment, and this 
phenomenon is thought to affect the therapeutic response 
of PD-L1 ICIs in lung cancer cells. Thus, the quantitative 
measurement of plasma C7 concentrations in the blood 
plasma of lung cancer patients via ELISA enabled the pre-
diction of the response to PD-1/PD-L1 ICIs and to overcome 
the disadvantages associated with the use of approved CDx, 
such as the ambiguity in the determined outcome. It has also 
been suggested for use as an alternative or adjuvant to CDx, 
especially to determine whether to treat NSCLC patients 
with pembrolizumab.

Companion diagnostics (CDx) takes a significant role 
in modern precision medication. It has clinical advantages 
in giving out adequate patients and adequate medicine at 
adequate timing.

PD-1/PD-L1 immune checkpoint inhibitor, an efficient 
treatment for NSCLC patients, has been developed along 
with CDx to analyze its PD-L1 expression level. Differ-
ent PD-L1 expression levels among patients/groups made 
trouble setting proper stratification caused low prediction 
accuracy. Need for a new biomarker to resolve this dis-
closed disadvantage has arisen, and plasma C7 collected 

from personalized patient profiling can play a major role as 
predictive diagnostics for PD-1/PD-L1 ICI.

Cancer often metastasizes to other several organs if 
proper treatment was not followed at proper timing. Many 
NSCLC patients who have not been treated with proper 
medication because of inaccurate current CDx show a low 
long-term survival ratio upon the second occurrence of met-
astatic diseases. The use of plasma C7 would guide NSCLC 
patients to proper treatment which would allow efficiently 
targeted prevention on secondary metastatic disease.

Immediate monitoring of change in cancer patients’ 
tumor immune microenvironment which plays a pivotal role 
in oncogenesis, invasiveness, and even metastatic can be a 
successful approach to realize 3P medicine. Plasma C7 pro-
tein in the innate immune system can be analyzed through 
a noninvasive sampling method which has advantages over 
ordinary tissue biopsy that causes patient repulsion. Treat-
ment algorithms tailored to the person that uses plasma C7 
to frequent monitoring of the tumor immune microenviron-
ment of cancer patients would be instrumental in deciding 
adequate timing for medication to prevent metastasis or 
worsening of cancer. In addition, plasma C7 can be analyzed 
at a comparatively low cost, and its results are clear to inter-
pret. It would mutually benefit both hospital and patients 
that hospital could provide superior medical service at rea-
sonable expense while patients and their families could pre-
vent unnecessary treatment causing financial burden. These 
benefits will contribute to building robust personalization 
of medical services.

Conclusively, plasma C7 enables cancer control by tumor 
immune microenvironment monitoring and forms new strati-
fication for PD-1/PD-L1 treatment algorithm which comes 
as a result of its noble screening method. It provides efficient 
medical service and an optimized medical economy fol-
lowed which finally promotes the prosperity of 3P medicine.

Abbreviations 3P medicine: Predictive, preventive, and personalized 
medicine; C7: Complement component 7; PD-1: Programmed cell 
death protein 1; PD-L1: Programmed cell death ligand 1; ICI: Immune 
checkpoint inhibitor; CDx: Companion diagnostics; NSCLC: Non-
small cell lung cancer; NCC: National Cancer Center; SMC: Sam-
sung Medical Center; PFS: Progression-free survival; OS: Overall 
survival; TMB: Tumor mutation burden; MS: Mass spectroscopy; 
AGC : Automatic gain control; HCD: Higher-energy collisional dis-
sociation; IACUC : Institutional Animal Care and Use Committee; 
NCCI: National Cancer Center Institute; TDLN: Tumor-draining 
lymph node; ECL: Enhanced chemiluminescence; AUC : Area under 
the curve; ACC : Accuracy; ROC: Receiver operating characteristics; 
N: Number; CR: Complete responder; PR: Partial responder; SD: Sta-
ble disease; PD: Progressive disease; responder: Responder with 
clinical benefit (PFS ≥ 6 months); Non-responder: Non-responder 
without clinical benefit (PFS < 6 months); ADC: Adenocarcinoma; 
SqCC: Squamous cell carcinoma; Other: Other types of lung cancer; 
CRO: Contract research organization; CRA : Clinical research associ-
ate; SEN: Sensitivity; SPE: Specificity; PPV: Positive predictive value; 
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